Abstract Trichostrongylids nematodes are capilliform worms that parasitize the gastrointestinal tract of ruminants that frequently cause serious injuries such as severe gastroenteritis and acute anemia. Sheep breeds are highly susceptible to these parasites, including adult animals as well. In sheep herds, this parasitic disease is traditionally controlled through the use of antihelminthics; however, some possible auxiliary methods of control have been suggested, and among them is the adoption of the integration livestock-forest system. The aim of the present study was to evaluate comparatively the recovery of trichostrongylid nematode larvae (L3) from sheep in a integration livestock-forest system and in grass monoculture, also analyzing the climatic influence in the four seasons of the year. The study was carried out from December 2013 to September 2014 in the experimental field of Embrapa Agrosilvopastoral located in the municipality of Sinop/MT, Brazil. In each season of the year, each treatment received thirty samples of feces weighing 20 g and containing approximately 60,000 eggs of trichostrongylid nematodes. At the end of 14 days, the remaining feces from the soil surface, as well as soil below the deposition area, and the adjacent forage near the feces were collected and taken to the laboratory where the number of infective larvae per kilogram of dry matter (L3/kg DM) in each collected material was determined. The recovery of L3 larvae was possible in all seasons and in all samples collected. There was a significant interaction between treatments and seasons of the year (p \ 0.05). The silvopastoral system showed greater counts of L3/kg DM in the forage during the spring, summer, and winter collections. The feces collected in the winter were the material with highest counts of L3/ kg DM in the study, with 30,199 in silvopastoral area, and 22,020 in grass monoculture, which differed significantly (p \ 0.05). The soil also showed the same response, with 6112.74 L3/kg DM in silvopastoral system and 4847.56 L3/kg DM in grass monoculture, which were also significantly different (p \ 0.05).
Introduction
Trichostrongylids nematodes are capilliform worms that usually parasitize the gastrointestinal tract of ruminants causing serious injuries with considerable morbidity and mortality rates, in addition to great economic losses to livestock farming. Sheep breeds are highly susceptible to these parasites, including adult animals as well. Sheep may suffer serious infections involving multiple genera of trichostrongylid nematodes, and animals infected by these parasites may develop different symptoms and clinical cases. Some of these noteworthy conditions are the acute anemia caused by worms of the genus Haemonchus and the severe gastroenteritis caused by worms of the genus Trichostrongylus (Monteiro et al. 2011) . Taylor et al. (2010) stated that constant monitoring of the number of eggs count per gram of feces (EPG) of sheep to evaluate the parasitic load and rigorous deworming practices could provide the control of infestations by trichostrongylid nematodes. These authors also claimed that different management strategies can be used efficiently to prevent and/or control infections by these parasites.
The integration livestock-forest system has been pointed as a possible alternative method to control these parasites due to this system's ability to attract a greater soil fauna that would include predators of helminthes species and competitors for substrate, thereby reducing the parasitic load available in the environment (Soca et al. 2002; Auad and Carvalho 2011) .
This type of productive system may provide benefits to animals, mainly with regard to the thermal comfort, through lower incidence of solar radiation, milder temperatures, and greater moisture retention (Garcia and Andrade 2001; Balbino et al. 2011) . However, these more favorable microclimatic conditions may also foster the development and maintenance of nematode larvae in the environment.
Given this scenario, the aim of this study was to evaluate comparatively the recovery of trichostrongylid nematodes infective larvae originating from sheep hosts between the systems of integration livestock-forest and conventional pasture with grass monoculture.
Materials and methods

Experimental field
The project was established in the experimental field of Embrapa Agrosilvopastoral located in the municipality of Sinop/MT, Brazil 11°51 0 43 00 S, 55°35 0 27 00 W; 384 m altitude. The Köppen classification characterizes the climate in the region as Aw tropical with rains concentrated in the summer, and dry winter. The study area consists of paddocks covered with Brachiaria brizantha cv Piatã, in which the following treatments were evaluated: treatment A: grassland monocultured in full sun; and treatment B: integration livestockforest system (LFI) with triple rows of Eucalyptus urograndis (H13 clone) spaced 15 m apart. The areas evaluated in the study had not been utilized previously by any other animal category or specie. Historically, the land was destined exclusively to rice crop and cotton. Based on the previous use of the land, there is a very slight chance of contamination by trichostrongylid nematodes at the time of this study. Likewise, no animal had access to the evaluated paddocks during the period of the experiment and in the 2 years before.
Obtaining feces with trichostrongylid nematode eggs
Samples of feces with trichostrongylid nematode eggs were obtained from 10 naturally infected crossbred sheep belonging to the Veterinary Parasitology Department of Federal University of Mato Grosso, Campus Sinop. Stool samples from these animals were prepared regularly according to the technique described by Ueno and Gonçalves (1998) to check the maintenance of trichostrongylid nematode populations. Three days before the field inoculations, feces collection was started twice daily to reach an appropriate volume. It was calculated the mathematical average of those samples and based on this result, it was calculated the amount of feces necessary to obtain approximately 60,000 eggs of trichostrongylid nematodes. In this way, each excreta portion contained the amount of eggs necessary to inoculation, but in a variable volume according each repetition. Fecal material was then identified, stored under refrigeration, and protected against dehydration for subsequent inoculation in both treatments. To standardize the inoculum, feces from uninfected isolated animals, analyzed previously, were incorporated until reach 20 g.
Experimental modules
Aiming to standardize the pasture height, before each deposition of feces, the deposition area in both treatments was mowed for the pasture to have a standard height 30 cm. In these areas, 30 modules per treatment were marked by numbered flags; those were the sites of deposition of the feces through the pasture.
Deposition of feces
Fecal depositions occurred during the studied period with approximately 90 day interval, so each treatment would receive deposition in each of the four seasons of the year. Feces were deposited on the soil through the grass in each one of the previously tagged modules on December 1st 2013, February 26th, May 29th, and August 29th of 2014, categorizing spring, summer, fall, and winter, respectively.
Material collection and laboratory tests
Fourteen days after depositing feces, on December 14th, March 10th, June 11th, and September 11th, respectively, to the deposition schedule, samples of remaining feces in the soil surface as well as the soil 2 cm below those feces and pasture adjacent with 10 cm radius delimited by a metal hoop were collected in three different times (06h00, 12h00, and 18h00). The hoop diameter was determined based on the report that approximately 90 % of the larvae do not migrate sideways further than 10 cm from the feces, as described by Skinner and Todd (1980) cited by Rocha et al. (2008) . The larvae were extracted from these samples by the technique of Baerman modified from Ueno (Ueno and Gonçalves 1998) . After 24 h in Baerman's apparatus, the samples (forage, soil, and feces) were placed in paper bags with known weight and later dried in an oven at 100°C for 24 h to determine the dry matter, in accordance with Silva and Queiroz (2002) . The recovered larvae were counted under optical microscopy and then the number of infective larvae per kilogram of dry matter (L3/kg DM) was obtained. The larvae recovered from the samples were identified according to Ueno and Gonçalves (1998) , which made it possible to monitor the contamination by other nematodes.
Statistical analysis
The study was designed in a completely randomized, in a 2 9 4 factorial arrangement with two treatments and four sampling seasons. The interaction between treatments and seasons of the year was analyzed in the three types of material evaluated: forage, soil, and feces. Data underwent logarithmic transformation (Log X) and were then analyzed through the PROC MIXED procedure of SAS System Ò . For better understanding, the arithmetic means are presented in the tables.
Results and discussion
Based on the obtained results, it was found that the interaction between treatments and seasons of the year was significant (p \ 0.05) regarding the number of larvae recovered for all evaluated materials. It was also found that it was possible to recover infective larvae in all samples in the four periods of collection.
Expressive counts of L3/kg DM were obtained in the forage in the spring and summer collections, which correspond to the rainy season in the north region of Mato Grosso State. This result is coherent with those published by other authors (Lima et al. 1997; Niezem et al. 1998; Rocha et al. 2007 ).
The highest count of L3/kg DM in pasture was obtained in the collection during the fall in the grass from the conventional system: 5870.20 L3/kg DM (p \ 0.05). However, the integration livestock-forest system showed superiority in the counts (p \ 0.05) as compared with the other seasons, as can be seen in Table 1 . Based on the conditions observed in this study, the result of integration of livestock-forest demonstrated that this system can increase the chances of an animal ingest infective larvae of trichostrongylid nematodes. However, it is important to highlight that this study has specific environment conditions, with a dry and rainy season very well defined. Besides, integrated livestock-forest systems can be designed in different ways, wherein each strategy can lead to distinct microclimate conditions. The recovery of infective larvae in the winter sampling, which corresponds to the peak of the dry season in the Northern Mato Grosso State, was significantly lower than in the other seasons (p \ 0.05). This result corroborates those found by Ndamukong and Ngone (1996) , who also observed greater recovery of larvae during the rainy season. The aforementioned authors consider rain as the climatic factor of greatest importance for the development and survival of larvae in the field.
The absence of rain may bring parasite transmission to a halt during the driest months (Rocha et al. 2007) , and sharp peaks in the abundance of larvae on herbage can be seen after periods of rainfall (Sissay et al. 2007 ). Authors as Krecek et al. (1990) and Niven et al. (2002) have suggested that a film of moisture is needed for the migration from dung onto herbage, and thus, larval migration would only be possible either just after rains or when dew is found on grass leaves. According to Boom and Sheat (2008) , the different climatic conditions between seasons of the year may lead to a selection pressure, thereby interfering with the variability among the species of trichostrongylid nematodes recovered in the environment. Khadijah et al. (2013) attributed great importance to the soil moisture-retention ability for the maintenance of the life of infective larvae. The present study also detected this phenomenon, with the presence of larvae in the superficial soil layers in all months of collection. The largest numbers of L3/kg DM in the soil (p \ 0.05) were recovered in the month corresponding to the peak drought in the studied region. These results can be observed in Table 2 .
The fecal material displayed the greatest recovery of L3/kg DM in the winter collection for both treatments (p \ 0.05), averaging 30,199 in the integrated system, and 22,020 in the conventional system, which differed significantly from each other (p \ 0.05). Results are described in Table 3 .
The greater concentration (p \ 0.05) of L3/kg DM in the remaining fecal material in winter demonstrates that this material can also serve as reservoir for the permanence of these larvae in the field until the precipitation rates are favorable to their maintenance in the pasture. This result was consistent as that obtained by Silva (2007) , who also observed the presence of larvae in sheep feces in June (winter) in a study similar to the current one. The contaminated stools may provide the ideal environment for these helminth larvae, ensuring the appropriate moisture and temperature for the maintenance of life until this condition is reestablished in the environment (Starke et al. 1992; Lima et al. 1997; Stromberg 1997; Almeida et al. 2005) . Amarante et al. (1996) found an expressive number of infective larvae in the pastures even during a severe drought period with monthly precipitation below 23 mm between June and August. The authors attributed part of this effect to the survival of eggs and larvae under favorable microclimatic conditions in the fecal environment.
The maintenance of the viability of eggs and larvae of trichostrongylid nematode in sheep feces, the disperse elimination of scybala (covering a large area during defecation), and the time of permanence of the feces in the field, which could be observed for a period of at least 50 days according to Yeates et al. (2007) , are characteristics that demonstrate the potential of this material for environmental contamination.
The summer sampling was the only one to show a response pattern regarding the counts of infective larvae. In this collection, the counts of L3/kg DM in forage were 5.66787 in the integration livestock-forest system and 2924.45 in the system with grass monoculture. The expected response was thus observed when these data were confronted with those of the reservoir media, with mean values of 2731.61 and 3336.56 for soil, and 1638.84 and 2578.18 for feces in the integrated and conventional systems, respectively, which demonstrates an inverse proportionality. The pairing of these data indicated a shift in the concentration of infective larvae from the reservoir media to the forage when the environment provides better moisture levels for their maintenance. According to Dijk and Morgan (2011) , the migration behavior of trichostrongylids appears to be the result of two trade-offs. Travel in a horizontal plane is determined by a trade-off between energy reserves and the probability of ingestion by a host. In a vertical plane, optimum travel has to balance exposure to damaging environmental influences and the probability of ingestion. As continuous larval movement is spatially random, the proportion of a larval population present on herbage is fairly constant in time and declines with the rate of larval death in the soil reservoir.
Based on the results, new management strategies can be developed for a better use of systems integrating livestock and forest. Among these, noteworthy practices are the constant monitoring of the number of eggs per gram of feces and strategic deworming of the more susceptible categories as suggested by Taylor et al. (2011) . The management with different animal species aiming to decontaminate the field based on the principle of parasitic specificity can also be an option. According to Silva et al. (2014) , the species H. placei and H. similis are highly specific for cattle, while H. contortus is highly specific for sheep. The reduced contamination of pastures by trichostrongylid nematode larvae through the adoption of managements with different species has been described in the literature, wherein studies conducted in different forages and with different arrangements may be in a regime of succession between cattle and sheep or even with the two species grazing together in the same area with good results of decontamination (Fernandes et al. 2004; Torres 2008; Torres et al. 2009 ). However, the risk of bacterial or viral diseases transmission among different species cannot be neglected and must be evaluated for each property.
Conclusion
The integration livestock-forest system can increase the chances of recontamination of sheep by trichostrongylid nematode infective larvae, as higher counts of L3/kg DM were found in the forage as compared with the grass monoculture system in the samples collected in the spring, summer, and fall under the conditions of the experimental arrangement established in Northern Mato Grosso State. Once again, integrated livestock-forest systems can be designed in different ways, in each strategy the microclimate conditions can change significantly, interfering with biology of parasites. Anyway, management strategies aiming at controlling nematodioses in sheep managed under livestock-forest systems should be evaluated so that they can be used more efficiently.
It is suggested to assess the parasitic dynamics of nematodes in integration livestock-forest system so that management strategies can be evaluated for ruminant species based on results achieved. Evaluating other arrangements of integration livestock-forest systems with different spacing between rows and the use of other arboreal species will be important for future recommendations. The integrated systems are dynamic, and may follow different arrangements, thus providing diversified microclimatic and environmental conditions that would be potentially sufficient to obtain different results from those of the present study.
